Background: Many plants with antidiabetic properties probably act in part through their content of fibre, vitamins, bioactive or mineral content Objectives: This study investigated the mineral, proximate, phytochemical compositions and hypoglycaemic effect of Commelina africana and Ageratum conyzoides extracts in diabetic rats, and the likely relationship between this property and the mineral, proximate and phytochemical compositions of the plants .
Introduction
Diabetes is a chronic disorder of glucose intolerance. This disease is alarming and has been described as a major cause of disability and death. 1 It is characterised by high blood glucose level and glycosuria resulting from dysfunction of pancreatic â-cells and insulin resistance. Mineral deficiencies are common in diabetes and can exacerbate insulin resistance. Several of these minerals are co-factors for signalling intermediaries of insulin action and key enzymes of glucose metabolism 2 . The global prevalence rate of Diabetes mellitus places the disease at the top of the chart as one of the most frequent of endocrine diseases . 3 Its increased prevalence has been noticeably highest in Asia and Africa probably due to the adoption of a Western dietary lifestyle. 4 All forms of diabetes have been treatable since insulin became medically available but a cure is difficult. Currently, diabetes therapy is based on the use of oral hypoglycaemic agents (sulfonylureas, and biguanides) insulin, plant supplements, diet measures and exercises . 5 Other current medications include vitamins and minerals. Mineral supplements can benefit patients with mineral deficiencies, as demonstrated with magnesium and zinc . 2 A lifelong treatment of diabetes has been shown to entail an enormous financial outlay for a patient. The natural dietary adjuncts have been found to serve as functional foods through which patients can gain added benefits to the management of the disease 6, 7 Diet is also known to be the foundation of diabetic control, and the dietary recommendations for diabetic patients are entirely consistent with a normal healthy balanced diet. 7 Table salt, refined sugars and foods rich in cholesterol have to be minimised while ensuring adequate vitamins and mineral.
Several plants of diverse origins have been exploited by trial and error over many generations for therapeutic purposes. 8, 9 In Africa and in most of the developing countries, plants' properties are empirically appreciated. 9 The adverse effects of chemical drugs, their increasing costs and greater public access to information on traditional medicine have also led to an increase in interest in alternative treatments. 10 Also, many urban populations have turned to herbal treatments. The reason is that traditional medicine is a medicine of proximity, less constraining and non-expensive. 11 In the light of this, The World Health Organization Expert Committee on diabetes has recommended that traditional methods of treatment for diabetes should be sought vigorously. 12 Although an orally active botanical substitute for insulin is unlikely, phytochemicals may stimulate insulin biosynthesis and promote insulin action. 13 Many plants with antidiabetic properties probably act in part through their content of fibre, vitamins or mineral content. To this end, plants rich in minerals have been shown to enhance glycaemic control in diabetic patients.
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Ageratum conyzoides is an herbaceous plant used in traditional medicine in several countries of the world. The use of this herb as a bacteriocide, antidysentric, antipyretic, antirheumatic and antibiotic has been reported. 5 The advantageous effect of the ethanolic leaf extract on hematological indices of rats has also been documented. Commelina africana is a perennial herb used traditionally for irregular menstrual flow.
The objective of this work was to investigate the anti-diabetic effect of fresh leaves of Commelina africana, and Ageratum conyzoides in diabetic rats with a view to evaluating their beneficial hypoglycaemic effect and to show the relationship between this property and the plants' mineral/ chemical compositions.
Methods

Experimental animals
Wistar albino rats, 110-210g body weight, were obtained from Animal House, University of Ibadan, Nigeria. They were all fed pellets rat feed (Ladokun Feeds Ibadan, Nigeria). All the animals were acclimatised 7 days before the commencement of the experiment and housed under natural cycles of night and day in the animal house, Lead City University.
Collection and extraction of plant leaves
Fresh leaves of Commelina africana and Ageratum conyzoides were collected from the garden of the Department of Forestry, University of Ibadan. Confirmatory identification of the plants was done at the Forestry Research Institute of Nigeria (FRIN), Ibadan, Nigeria. Some of the leaves were air dried, ground to powdery form and stored pending use or analysis. Some fresh leaves were weighed and rinsed with distilled water to remove extraneous materials. Ten (10 g) gram weight of the leaves was then pulverized and mixed with 100ml distilled and sieved using filter paper. The extracts so obtained were stored in the refrigerator after use. Fresh aqueous extracts were prepared at three days interval.
Diabetes induction and drug administration
Diabetes was induced in rats by a single intraperitoneal administration of 5% alloxan at 125mg/kg body weight. Rats with blood glucose level of 150mg/dl and above were considered diabetic. After confirmation of induction using electronic Glucometer, 48 hours after administration of alloxan, diabetic rats were randomly distributed into groups of five (5) animals per group. Group 1 was nondiabetic rats administered distilled water. Group 2 was diabetic untreated rats. Group 3 was diabetic rats administered reference hypoglycaemic agent (10mg/kg Glibenclamide). Group 4 was diabetic rats administered 500mg/kg body weight aqueous extract of Ageratum conyzoides. Group 5 was diabetic rats administered 500mg/kg body weight aqueous extract of Commelina africana.
Animals were deprived of food 12 hours to determine their Fasting Blood Glucose (FBG) levels before reintroduction of food to the animals. The initial blood glucose (Day 0) was taken as the baseline. Drug and extracts were administered once daily for 7 days. On each day, FBG was obtained before administration of drug and extracts.
Analytical procedures
Proximate and mineral compositions of the plant were carried out according to the Official Methods of Analysis of Association of Official Analytical Chemist. 15 
Phytochemical screening
The Phytochemical screening of the plants was carried out by the standard methods described by Harbone 16 and Trease & Evans. 17 Bioactive constituents assayed included saponins, tannins, total alkaloids, cardiac glycosides, and anthraquinones.
Statistical analysis
All assays were carried out in duplicates except otherwise stated. Values were expressed as mean ± standard deviation. Figure 1 shows the effect of glibenclamide and plant extracts on fasting blood glucose. Figure 2 shows the percentage reduction in fasting blood glucose of the rats under study. Non-diabetic, normoglycaemic rats showed normal blood glucose within the range 80.7mg/dl-97.6mg/dl. The diabetic untreated rats had hyperglycaemia throughout the experimental period with fasting blood glucose of 526.7mg/dl on zero day to 513mg/dl on the last day of the experiment (day 7). The reference hypoglycaemic agent, glibenclamide, reduced the blood glucose from an initial 306.3mg/dl (hyperglycaemia) to 94.3mg/dl (normoglycaemia). This was a 69.2% total reduction over a period of 7 days. Aqueous extract of Ageratum conyzoides reduced fasting blood glucose of experimental animals from 309.6mg/dl (hyperglycaemia) to 195.8mg/dl (hyperglycaemia), a 39.1% total reduction in blood glucose. Extract of Commelina africana reduced fasting blood glucose from 408.5mg/dl (hyperglycaemia) to 90.0 (normoglycaemia), a 78.0% reduction. non-diabetic rats, 2-diabetic untreated rats, 3-diabetic rats administered glibenclamide, 4-diabetic rats administered Ageratum conyzoides , 5-diabetic rats administered Commelina Africana Table 1 shows the mineral composition of the plants under study. Comparatively, Commelina africana had higher mineral composition (except Na) compared with Ageratum conyzoides. 
Results
Discussion
The persistent hyperglycaemia in alloxan-induced diabetic untreated rats throughout the period of the experiment was as a result of beta cells destruction in agreement with a previous report. 18 Administration of 500mg/kg body of extracts of Commelina africana and Ageratum conyzoides caused 78.0% and 39.1% fasting blood glucose level reduction respectively over a period of 7 days. While Commelina africana extract caused a remarkable hypoglycaemic effect, Ageratum conyzoides's extract still manifested a mild hyperglycaemia. The hypoglycaemic effect of Commelina africana was comparable with the reference hypoglycaemic agent (glibenclamide). Ageratum conyzoides showed weak hypoglycaemic effect incomparable with that of the reference hypoglycaemic agent. The hypoglycaemic potential of A. conyzoides may be enhanced by combination with other oral hypoglycaemic agent(s) especially of plant source, consistent with the report of Sofowora.
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A number of mechanisms could be adduced for the hypoglycaemic effect of Commelina africana and Ageratum conyzoides. In support of the present findings by other studies it could be postulated that apart from having inhibitory effect on glucose absorption, it is probable that other mechanisms such as direct stimulation of glycolysis in peripheral tissues, facilitation of glucose entry into peripheral cells, reduced hepatic gluconeogenesis and reduction of plasma glucagon levels may be in operation. 20, 21 Commelina Africana and Ageratum conyzoides have both been known to contain alkaloids, some of which may be associated with the improvement in the symptoms of diabetes mellitus. 22 The causes and sites of intervention in biochemical process in diabetes are diverse . 23 It is likely that the interplay of diversity of action could be applicable in the observed hypoglycaemic effect of the leaf extracts of Commelina africana and Ageratum conyzoides containing several biologically active components.
Commelina africana showed higher mineral composition than A. conyzoides. Mineral composition of Commelina africana showed a higher concentration of potassium (30.59g/kg) than sodium (8.87g/kg). This could be an enhancement factor in favour of the higher hypoglycaemic effect of the extract and possible prospect in the management of high blood pressure, a complication of diabetes. Although sodium and chloride are important, potassium is the most important dietary electrolyte. Potassium helps to maintain water balance and distribution, blood pressure, acid-base balance, muscle and cell nerve function, heart function, kidney and adrenal function. 24 Diet low in potassium and high in sodium is associated with high blood pressure. Ageratum conyzoides contained lower concentration of potassium and iron (11.91g/kg, 161mg/kg respectively) and higher sodium (11.71g/kg) compared with Commelina africana. This might be responsible for the relatively lower hypoglycaemic effect. Also, the higher sodium content may not make the extract a comparatively better candidate for ameliorating high blood pressure, a complication of diabetes. 24, 25 Commelina africana extract was observed to be rich in Iron which may increase Packed Cell Volume (PCV) and boost the immune system, during diabetic state. 25, 26 It can be hypothesised that Ageratum conyzoides is a good source of nutrient but not an ideal plant that can elicit a desired hypoglycaemic effect when administered singly. Zinc has been shown to be involved in blood sugar control mechanism and protect against diabetes. 27 This mineral was found to be abundant in Commelina Africana, further laying credence to its hypoglycaemic activity. The high content of manganese in Commelina africana may enhance the observed beneficial effect in regulating blood sugar level. Its deficiency symptoms include high blood sugar levels, joint pain and poor memory. 25 Both plant extracts contained high magnesium concentration which has been reported to be helpful in fighting heart disease, stroke and assist in cell repair. 25 The high fibre contents of Ageratum conyzoides and Commelina africana may serve as stool bulking agent for prevention of constipation while their high crude protein content suggests their contribution to body cell repairs and growth. 28 Both plants extracts with reasonable composition of alkaloids, especially cardiac glycosides, may be helpful in alleviating hyperglycaemia, coronary heart disorder and other complications of diabetes.
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Conclusion
A combination of natural fibre, complex carbohydrate, antioxidants and minerals is beneficial in diabetics. 6 Some of these minerals are co-factors for signalling intermediaries of insulin action and key enzymes of glucose metabolism. 2 The plants under study were observed to be rich in these. An added value is the observed hypoglycaemic effects of the plants. This is in line with findings in plant like Atriplex halimus 2 . Further work would be necessary to subject the plant extracts to column chromatography and other processes to obtain the structures of the most active component (s). This would, among others, be helpful in elucidating their mechanisms of action.
